Objective: To retrospectively evaluate the risk of thyroid cancer in patients with hyperfunctioning thyroid nodules through ultrasonographic-pathologic analysis. Materials and Methods: Institutional review board approval was obtained and informed consent was waived. From 2003 to 2007, 107 patients consecutively presented with hot spots on thyroid scans and low serum thyroid-stimulating hormone levels. Among them, 32 patients who had undergone thyroid ultrasonography were analyzed in this study. Thyroid nodules depicted on ultrasonography were classified based on size and categorized as benign, indeterminate, or suspicious malignant nodules according to ultrasonographic findings. The thyroid nodules were determined as either hyperfunctioning or coexisting nodules and were then correlated with pathologic results. Results: In 32 patients, 42 hyperfunctioning nodules (mean number per patient, 1.31; range, 1-6) were observed on thyroid scans and 68 coexisting nodules (mean, 2.13; range, 0-7) were observed on ultrasonography. Twenty-five patients (78.1%) had at least one hyperfunctioning (n = 17, 53.1%) or coexisting (n = 16, 50.0%) nodule that showed a suspicious malignant feature larger than 5 mm (n = 8, 25.0%), or an indeterminate feature 1 cm or greater (n = 20, 62.5%) in diameter, which could have been indicated by using fine needle aspiration (FNA). Seven patients were proven to have 11 thyroid cancers in 3 hyperfunctioning and 8 coexisting nodules. All of these had at least one thyroid cancer, which could have been indicated by using FNA. The estimated minimal risk of thyroid cancer was 6.5% (7/107). Conclusion: Patients with hyperfunctioning nodules may not be safe from thyroid cancer because hyperfunctioning nodules can coexist with thyroid cancer nodules. To screen out these cancers, ultrasonography should be performed.
INTRODUCTION
A hyperfunctioning or "hot" nodule is defined as a nodular region of the thyroid gland, which is visualized as a "hot spot" on thyroid scans due to the larger amount of radiotracer, compared with the surrounding normal thyroid glands (1, 2) .
Traditionally, hyperfunctioning thyroid nodules have been known to be exclusively benign lesions such as follicular adenoma (1) (2) (3) (4) (5) (6) . For this reason, several major current guidelines for thyroid nodules and cancers such as the American Thyroid Association (ATA) guidelines and kjronline.org 644 Lee et al.
National Comprehensive Cancer Network Clinical Practice guidelines have generally recommended the avoidance of ultrasonography or fine-needle aspiration (FNA), in favor of evaluating and treating for thyrotoxicosis when a thyroid scan shows a hot spot in patients with low serum thyroidstimulating hormone (TSH) level (1, 3) .
However, with the advent of high-resolution ultrasonography, we have found in our routine clinical practice that there were often unexpected occurrences of coexisting nodules in patients with certain palpable thyroid nodules. Thus, the previously-held belief that hyperfunctioning nodules may safely rule out thyroid cancers may not be applied to patients with hyperfunctioning thyroid nodules as easily as current guidelines suggest. Indeed, upon review of the literature, we have found several reports in which thyroid cancers have occurred in patients with hyperfunctioning nodules or even in the hyperfunctioning nodule itself (7) (8) (9) (10) (11) (12) . In fact, a few studies have already reported on the frequency of thyroid cancers in patients with hyperfunctioning nodules (9) (10) (11) (12) . However, until now, it has not been certain that the hot spots seen on the thyroid scans were actually the same nodules determined by pathology, as no studies have been carried out that are based on detailed anatomical imaging such as ultrasonography.
Therefore, in this study, through ultrasonographicpathologic analysis we retrospectively evaluated whether patients with hyperfunctioning thyroid nodules are really safe from thyroid cancer.
MATERIALS AND METHODS
Institutional Review Board approval was obtained for this retrospective study, and informed consent was waived.
Patients
From January 2003 through December 2007, the electronic medical records of our hospital revealed that 11188 consecutive thyroid scans were performed using Tc99m-pertechnetate at our institution. Using the keywords of "hyperfunctioning" and "hot" on a computerized search of the medical records, one author found that 206 patients were reported to have hyperfunctioning nodules. Among them, 107 patients showed a low serum TSH level (< 0.4 µIU/mL) without a history of thyroid surgery, and 39 patients of those patients had undergone ultrasonography. Finally, after the exclusion of 7 patients due to an extended time interval of more than 6 months between the thyroid scan and ultrasonography, 32 patients (F : M = 29 : 3; mean age, 53.4 years; age range, 29-76 years) comprised our study population (Fig. 1) . The mean time interval from the TSH level test to thyroid scan was 5.6 days (median, 1 day; range of difference, -11 to 87 days) and the mean time interval from the thyroid scan to thyroid ultrasonography was 47.2 days (median, 25 days; range of difference, -86 to 175 days). At the time of thyroid scanning, 10 out of 32 patients presented with thyrotoxicosis.
Thyroid Imaging
All ultrasonographic images were obtained using an Accuvix XQ (Medison Co., Ltd., Seoul, Korea) or an HDI 5000 system (Philips Medical Systems, Bothell, WA, USA) equipped with 7.5 to 12 or 8 to 15 MHz linear transducers. The length, width, and depth of each nodule were measured at their longest aspect on ultrasonographic images which were saved as Digital Imaging and Communications in Medicine images. Faculty radiologists specializing in thyroid imaging (8 and 13 years of experience) either performed the examination or supervised board-certified radiologists who were participating in thyroid radiology fellowship training.
No patient was on anti-thyroid medication at the time of thyroid scanning. Using a single-head gamma camera (LEM Plus, Siemens, Erlangen, Germany) equipped with a pinhole Hyperfunctional Thyroid Nodules and Their Risk for Becoming or Being Associated with Cancers collimator, thyroid scans of the anterior view were obtained 20 minutes after an intravenous administration of 185 MBq of Tc-99m-pertechnetate. For imaging, patients were placed in the supine position with their neck extended, and marking sources for size-measurements were located at both lateral sides of the neck. Oblique views were obtained whenever anterior images could not be adequately evaluated.
Pathologic Examinations
In 24 of the 32 patients, pathologic results were obtained by FNA in 17 patients and by both FNA and surgical histology in 7 patients.
Cytologic material obtained by FNA under ultrasonographic guidance was smeared on slides immediately after aspiration (solid lesion) or after cytologic centrifugation (cystic lesion), and was processed using May-Grunwald Giemsa and Papanicolaou stains. Surgical samples were sectioned before fixation for gross examination and then fixed in 10% buffered formalin, embedded in paraffin, and stained with hematoxylin-eosin for histologic examination.
A pathologist specializing in thyroid pathology (9 years experience) retrospectively reviewed the cytohistologic slides of thyroid nodules without information of their final surgical diagnosis, and determined the pathologic diagnosis using the Bethesda classification for cytologic analysis (13) .
Image Analysis
All ultrasonographic images were retrospectively reviewed in consensus by two radiologists who were blinded to the clinical history and pathologic results.
Referring to the Korean Society of Thyroid Radiology (KSThR) recommendations and Korean Thyroid Association (KTA) guidelines (14, 15) , thyroid nodules depicted on ultrasonography were categorized into a three-tiered classification of probably benign, indeterminate, and suspicious malignant nodules. The nodules were then classified as less than 5 mm, 5 mm to 1 cm, or larger than 1 cm in maximal dimension.
We then determined which nodules met the ultrasonographic criteria for FNA according to the KSThR recommendations and KTA guidelines (14, 15) .
In addition, referring to the ATA guidelines, we evaluated whether the patients had a high-risk history through a review of the medical records and whether ultrasonographic images showed abnormal cervical lymph nodes (1) .
Thereafter, a radiologist and a nuclear medicine physician (8 years experience in nuclear medicine) determined in consensus whether the thyroid nodules were hyperfunctioning or coexisting nodules based on the correlation between ultrasonography and thyroid scans. Hyperfunctioning nodules were determined when there was an area where the tracer concentration was greater than the remaining thyroid tissue, or when hemilobar uptake was observed.
Statistical Analysis
All statistical analyses were performed with a commercially available software package (SPSS, version 16.0 for Windows; SPSS Inc., Chicago, IL, USA). Continuous variables were compared using unpaired Student t tests, and categorical variables were compared using chi-square test or Fisher's exact test, as appropriate. A p-value < 0.05 was considered to indicate statistical significance.
RESULTS

Ultrasonographic and Pathologic Results of Hyperfunctioning Nodules and Coexisting Nodules
Thirty-two patients were found to have 42 hyperfunctioning nodules (mean number of patients, 1.31; range 1-6) on thyroid scans and 68 coexisting nodules (mean number of patients, 2.13; range 0-7) on ultrasonography. Twenty-eight of the 32 patients (87.5%) had at least one coexisting nodule. The ultrasonographic and pathologic results of the hyperfunctioning and coexisting nodules are shown in Tables 1, 2. Indeterminate features were more frequent in hyperfunctioning nodules than in coexisting nodules (p = 0.0014) and the probably benign feature was more frequent in coexisting nodules than in hyperfunctioning nodules (p = 0.0033). The size of hyperfunctioning nodules (mean, 2.1 cm; range, 0.7-4.4 cm) depicted on ultrasonography was larger than that of coexisting nodules (mean, 1.1 cm; range, 0.3-5.0 cm) (p < 0.0001).
No patient in our study had a high-risk history. One patient who showed abnormal cervical lymph nodes on ultrasonography also showed a thyroid nodule, which could have been indicated with FNA based on our guidelines due to an indeterminate feature larger than 1 cm. A thyroid cancer with lymph node metastasis was proven with both FNA and surgery on the patient ( Suspicious malignant (n = 3, 7.1%)
Benign (1) AUS ( 
cytologic results were obtained, 10 (52.6%) were reported as "benign", 6 (31.6%) as atypia of unknown clinical significance or follicular lesions with undetermined clinical significance (AUS), and 3 (15.8%) as nondiagnostic. Of the 7 hyperfunctioning nodules, 3 nodules were surgically proven to be thyroid cancers, 3 as nodular hyperplasias, and 1 as Hürthle cell adenoma. Of the 17 coexisting nodules for which cytologic results were obtained, 9 (52.9%) were reported as "benign" on cytology, 4 (23.5%) as malignant, 1 (5.9%) as suspicious for malignancy, 1 (5.9%) as AUS, and 2 (11.8%) as nondiagnostic. Among these 17 coexisting nodules, 9 nodules were surgically proven to be 6 thyroid cancers and 3 nodular hyperplasias. In addition, 2 nodules were surgically proven to be thyroid cancers without previous FNA. Table 3 describes the ultrasonographic-pathologic features of thyroid cancers, which occurred in patients with hyperfunctioning nodules. Figures 2-4 show representative cases of hyperfunctioning and coexisting cancers. Of the 32 patients who underwent ultrasonography, 7 patients (21.9%; F : M = 5 : 2; mean age, 49 years; range, 29-63 years) were proven to have 11 thyroid cancers (mean, 2; range 1-3), of which 3 were in hyperfunctioning nodules (1 anaplastic thyroid carcinoma, 1 follicular variant papillary thyroid carcinoma, 1 follicular thyroid carcinoma) and 8 were in coexisting nodules (7 conventional papillary thyroid carcinomas, 1 anaplastic thyroid carcinoma). Three of these 7 patients (42.9%) with thyroid cancers had multiple thyroid cancers. When we estimated minimal cancer risk with a numerator of 7 patients that had thyroid cancers and a denominator of all 107 patients who had hyperfunctioning nodules, whether ultrasonography was performed or not, the minimal cancer risk was 6.5%.
Thyroid Cancer in Patients with Hyperfunctioning Nodules
On ultrasonography, coexisting cancers were equally classified as indeterminate nodules (4/8, 50%) and suspicious malignant nodules (4/8, 50%). In contrast, all 3 hyperfunctioning thyroid cancers were categorized as indeterminate nodules. Although statistical significance was not obtained, the size of hyperfunctioning cancers (mean, 2.7 cm; range, 1.1-4.4 cm) was larger than that of coexisting cancers (mean, 0.9 cm; range, 0.3-2.0 cm) (p = 0.0659).
Four of the 7 patients (57.1%) with thyroid cancers had metastasis on lymph nodes or the lung. Most thyroid cancers (8/11, 72.7%) could have been indicated for FNA: 
DISCUSSION
Many current guidelines and articles state that if a lesion shows indeterminate cytology such as a follicular neoplasm or a follicular lesion of undetermined significance, the detection of a hyperfunctioning nodule on thyroid scans may prove its benignancy (1-3, 5, 6 ). However, our study demonstrates that thyroid cancers can indeed develop in the hyperfunctioning nodule itself as well as in coexisting nodules of patients with hyperfunctioning thyroid nodules with an estimated minimal cancer risk of 6.5%. This cancer risk is much higher than the results of ultrasonographic screening in a normal healthy population (16, 17) . This is within the range of 5-15% in which thyroid cancer has been known to occur in thyroid nodules, suggesting that the cancer risk in patients with hyperfunctioning nodules may be similar to those who have thyroid nodules other than hyperfunctioning nodules (1, 2) . According to the literature, the frequency of malignancy in hyperfunctioning nodules has been reported as up to 11% (9-12). We therefore A. Thyroid scan shows hot focus on right thyroid gland with suppressed surrounding normal tissue. B. On ultrasonography, low echoic, ovoid to round, smoothly marginated, solid nodule exists without any microor macro-calcification in right thyroid gland. It was categorized as indeterminate nodule of 2.6 cm maximal dimension, and could have been indicated with fine needle aspiration. It was surgically proven to be follicular thyroid cancer. C. On ultrasonography, low echoic, taller than wide, spiculated, solid nodule was observed with microcalcification in left thyroid gland (arrows). It was classified as suspicious malignant nodule of 1.1 cm maximal dimension, and could have been indicated for fine needle aspiration. It was surgically proven to be conventional papillary thyroid cancer.
Hyperfunctional Thyroid Nodules and Their Risk for Becoming or Being Associated with Cancers suggest that patients with hyperfunctioning nodules may not be safe from thyroid cancer.
In terms of the pathologic results of hyperfunctioning nodules in the present study, a benign result was most common upon cytology and thyroid cancer and nodular hyperplasia were most common on histology, which is also somewhat contrary to the belief that follicular adenoma is the most common pathology in hyperfunctioning nodules. Further pathologic studies need to be performed to verify whether the most common pathologic entity is indeed follicular adenoma. According to the literature, the most common hyperfunctioning cancer is follicular thyroid cancer, followed by follicular variant papillary thyroid cancer and conventional papillary thyroid carcinoma, and is consistent with our results (7, 8, 18) . We also found that anaplastic cancer may present as a hyperfunctioning nodule, although it was thought to develop in follicular thyroid carcinoma. In addition, over half of the cancer patients in the present study had lymph node or distant metastasis. This concurs with a previous study which reported that metastatic hyperfunctioning thyroid carcinoma was more common than non-metastatic carcinoma (9) . Therefore, we believe that we cannot overlook the possibility of thyroid cancer in patients with hyperfunctioning nodules.
Our study showed that 87.5% of patients had coexisting thyroid nodules. This figure is even higher than in Tan et al.'s (19) report in which ultrasonography showed other nodules in 48% of patients with a clinically solitary thyroid nodule. Furthermore, in the present study, 53.1% of patients had at least one coexisting nodule which could have been indicated with FNA, which also concurs with the results by Marqusee et al. (20) who reported that ultrasonography altered the clinical management decision in 63% of cases among patients who had been referred for evaluation of a palpable thyroid abnormality. Current major guidelines reflect these results, as the necessity of thyroid A. On thyroid scan, 3 poorly defined hot foci were observed in both thyroid glands (arrows). B, C. On ultrasonography, no nodules which were correlated with thyroid scan could be seen at both thyroid glands. Instead, at right thyroid gland, low echoic, irregular, spiculated, solid nodule without any calcification was noted. It was classified as suspicious malignant nodule of 0.6 cm maximal dimension, and could have been indicated with fine needle aspiration. It was surgically proven to be conventional papillary thyroid cancer.
ultrasonography is also being emphasized in patients with a suspected thyroid nodule (1, 2). However, this contradicts another current doctrine that suggests the avoidance of ultrasonography for hyperfunctioning nodules (1, 3) .
In addition, we found that both hyperfunctioning benign nodules and cancers have a tendency to be larger in size than coexisting benign nodules and cancers. Furthermore, in the present study, hyperfunctioning cancers showed more frequent indeterminate utrasonographic features than coexisting cancers, which concurs with previous ultrasonographic reports on follicular thyroid cancers and follicular variant thyroid cancers that are common pathologic entities of hyperfunctioning cancer (21) (22) (23) .
In this study, most patients with hyperfunctioning nodules, who had been proven to have hyperfunctioning and/or coexisting thyroid cancers, could have been screened out in ultrasonography as they had at least one cancer that could have been indicated with FNA; a suspicious malignant feature larger than 5 mm (3/7, 42.9%) and/or an indeterminate feature larger than 1 cm (5/7, 71.4%). If we had used a 1 cm size criteria for suspicious nodules as dictated by ATA guidelines, 7 out of 9 patients (77.8%) could have been screened out in ultrasonography (1) . These results demonstrate that it is important to evaluate coexisting nodules as well as the hyperfunctioning nodule itself using high resolution ultrasonography, as ultrasonography can provide both information of multiplicity and detailed characteristics of thyroid nodules A. Thyroid scan shows large heterogeneous hyperfunctioning nodule in left lobe of thyroid gland. B. On ultrasonography, heterogeneous isoechoic, round, smoothly marginated, solid nodule is observed at left thyroid gland. It was classified as suspicious malignant nodule of 4.4 cm maximal dimension, and was indicated with fine needle aspiration. It was surgically proven to be anaplastic thyroid cancer. 0.4 cm indeterminate nodule at right thyroid gland was also proven to be anaplastic carcinoma (not shown). C. 1.8 x 1.8 cm anaplastic thyroid carcinoma is seen under background of follicular carcinoma in left lobe. Follicular carcinoma on right side (neoplastic follicles) transits to anaplastic carcinoma on left side (x 100, H&E).
Hyperfunctional Thyroid Nodules and Their Risk for Becoming or Being Associated with Cancers that cannot be evaluated through a thyroid scan due to the limited resolution. Although the criteria and suspicious findings for FNA of thyroid nodules slightly differed among the many guidelines, for the most part, we believe that the major guidelines have a similar role for the screening of these patients as the guidelines in the present study (1-3, 14, 15) . Our study has several limitations. First, as a retrospective study with unavoidable selection bias, ultrasonographic and pathologic studies were performed without any consistent principle in patients with hyperfunctioning nodules. Second, the exclusive use of technetium-99m pertechnetate other than radioactive iodine might have caused falsepositive results due to trapping without organification (24) . However, this might not be a major limitation as the discordant rate between the two examinations was about 1% (25) . In addition, the prevalence of hyperfunctioning nodules was significantly higher in iodine-deficient areas (26) . As Korea has been classified as an iodine-sufficient area due to our iodine-rich diet, the results of our study should be tested with further prospective studies in iodine deficient areas as well as in other iodine sufficient areas.
In conclusion, patients with hyperfunctioning thyroid nodules may not be safe from thyroid cancer as thyroid cancers can develop in both hyperfunctioning and coexisting nodules at an non-negligible rate, and thus, in order to screen out thyroid cancer, thyroid ultrasonography should be performed in patients with hyperfunctioning thyroid nodules.
